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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The invention relates to an improved process for the preparation of Azithromycin monohydrate. More partic- 
ularly, the invention is directed to a more simplified process for the preparation of Azithromycin monohydrate that 
circumvents the need to use cumbersome and/or inefficient extraction and/or isolation procedures. 

Description of the Related Art 

[0002] Azithromycin (Fomiula (1 )) (USAN generic name for 9-Deoxo-9a-aza-9a-methy!-9a-homo-erythromycin A) Is 
a 15 membered ring macrolide belonging to a new class of antibiotics termed **Azalides", due to the incorporation of a 
nitrogen atom in the macrocycllc ring: 




[0003] 1 1 -(4-Dimethylamino-3-hydroxy-6-methyl-tetrahydro-pyran-2-yloxy)-2-ethyl-3,4, 1 0-trihydroxy-1 3-<5-hy- 
droxy-4-methoxy^,6-dimethyl-tetrahydro-pyran-2-yloxy)-3, 5,6,8,1 0,1 2, 1 4-heptamethyl-1 -oxa-6-aza-cyclopentade- 
can-15-one (Formula (1)) Azithromycin is derived from the 14-membered macrolide antibiotic erythromycin A and 
shows significant improvement in its activity against gram - Ve organisms compared to erythromycin A (C. J. Dunn and 
L. B. Barradell Azithromycin: A Review of its Pharmacological properties and use as a 3-day therapy in respiratory 
tract infections. Drug, 1996, March, 51(3)483-505). The numbering scheme for Azithromycin is Indicated In Fonmula 
(1) below (which is equivalent to the same Formula (1) depicted above): 
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[0004] Azithromycin was first discovered by G. Kobrehel and S. Djokic (Belgium Patent No. 892357; related U.S. 
Patent No. 4,517.359; S. Djokic et al. J. CHEM. RESEARCH (S). 1988, 132 and idem miniprint, 1988, 1239). U.S. 
Patent No. 4.517,359 describes reductive methylation of 1 1-aza-10-deoxo-10-dihydro erythromycin A (presently called 

30 9-Deoxo-9a-aza-9a* homoerythromycin A) performed with an excess of formaldehyde and formic acid in a halogenated 
hydrocarbon, e.g., chloroform or carbon tetrachloride. In the procedure described in U.S. Patent No. 4,517,359, the 
isolation of Azithromycin involves extraction of the aqueous layer with a halogenated hydrocarbon solvent followed by 
evaporation of the solvent. The disadvantages of this process are that (i) a halogenated hydrocarbon is used which Is 
environmentally unsafe and (li) the isolation of azithromycin involves several cumbersome and/or inefficient extraction 

35 and solvent evaporation steps. 

[0005] It is, therefore, an object of this invention is to provide an improved process for preparation of Azithromycin 
monohydrate, in which the reductive methylation of 9-Deoxo-9a-aza-9a-homoerythromycin A is carried out in a non- 
halogenated solvent (for example, acetonitrile) and Azithromycin monohydrate crystals are precipitated directly from 
the reaction mixture without the involvement of cumbersome extraction and/or concentration steps as are described 

40 above in relation to U.S. Patent No. 4,517.359. 

[0006] Other objects of the invention will be apparent to those of ordinary skill in the art based on the disclosure of 
this application. 

Brief Description of the Drawings 

45 

[0007] 

Figure I is an Infrared Spectrum of a sample of Azithromycin monohydrate crystals made according to Example 1. 
Figure 2 is an X-ray diffraction of a sample of Azithromycin monohydrate crystals made according to Example 1. 

50 

Summary of the invention 

[0008] These and other object(s) of the invention may be accomplished according to one or more of the exemplary 
embodiments noted below. According to one embodiment of the present invention, the process for making Azithromycin 
55 monohydrate crystals comprises the steps of: 

(a) dissolving 9-Deoxo-9a-aza-9a-homoerythromycin A in a non-halogenated, water miscible, and non-aqueous 
solvent to form a solution; 
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(b) adding formic acid and formaldehyde to the solution; 

(c) refluxing the solution to form a reaction mixture; 

(d) adjusting the pH of the reaction mixture from about 10 to about 11; 

(e) optionally filtering the pH adjusted reaction mixture of step (d); and 

5 (f) adding water to the reaction mixture to precipitate the Azithromycin monohydrate crystals. 

According to another embodiment of the present invention, the process for making Azithromycin monohydrate crystals 
comprises the above noted steps (a) - (f) except that in step (a) the non-halogenated, water-miscible, non-aqueous 
solvent is acetonitrile, N.N-^imethylformamide. N,N-dlmethylacetamide. acetone, or iso-propanol. 
10 [0009] Preferably, In any of the embodiments described herein, the Azithromycin monohydrate crystals may be fil- 
tered in a further step (g). and then advantageously dried in a further step (h), for example at a temperature of about 
50°C under vacuum to attain a moisture content of about 4 to 6 % w/w. However, other drying temperature and pressure 
combinations may be used in conjunction with the present invention as described herein to attain a moisture content 
of about 4 to 6 % w/w of the Azithromycin monohydrate crystals formed. 

15 

Detailed Description of the Preferred Embodiments 

[0010] According to a prefen-ed embodiment of this invention, an Improved process for preparation of Azithromycin 
monohydrate crystals comprises of the following steps. 

20 

(a) dissolving 9-Deoxo-9a-aza-9a-homoerythromycin A in acetonitrile to form a solution; 

(b) adding formic acid followed by adding formaldehyde to said solution; 

(c) refluxing said solution to form a reaction mixture; 

(d) adjusting the pH of said reaction mixture to about 10 to about 11 by using sodium hydroxide; 
25 (e) optionally filtering said reaction mixture to remove any particles; 

(f) adding water to the optionally filtered solution to precipitate Azithromycin monohydrate crystals; 

(g) filtering said azithromycin monohydrate crystals; and 

(h) drying said crystals under vacuum at 50**C to attain a moisture content of about 4 to about 6% by weight based 
on a total weight of said crystals. 

30 

[001 1] Preferably, In any of the embodiments described herein, the Azithromycin monohydrate crystals can be dried 
either at ambient temperature and pressure or at various other drying conditions which are encompassed within the 
scope of the invention including, but not limited to, any temperature and pressure drying combination that provides 
dried crystals having a moisture content of about 4 to about 6% w/w without (or without substantially) diminishing the 
35 yield and/or purity of the precipitated crystals. Of course, variations of the drying temperature and pressure combina- 
tions are within the scope of the present invention as will be readily recognized by one of ordinary skill in the field of 
this invention. 

[0012] In the process of the present invention described above, the acetonitrile solvent described in step (a) can be 
replaced by any other equivalent solvent such as N,N-drmethylformamide, N,N-dimethylacetamide, acetone or, Iso- 
40 propanol. In the process of the present invention, the pH of the reaction mixture recited in step (d) can be adjusted, 
preferably with alkali, such as, sodium hydroxide, potassium hydroxide, ammonium hydroxide or combinations thereof. 
In step (f) of the present inventive process, water is added to the pH adjusted reaction mixture to precipitate the Azi- 
thromycin monohydrate crystals. 

[001 3] According to another embodiment, the process for making Azithromycin monohydrate comprises the steps of: 

45 

(a) dissolving 9-Deoxo-9a-aza-9a-homoeryUiromycin A in acetonitrile to form a solution; 

(b) adding formic add followed by adding formaldehyde to said solution; 

(c) refluxing said solution to form a reaction mixture; 

(d) adjusting the pH of said reaction mixture from about 10 to about 11 with NaOH; 
50 (e) optionally filtering the pH adjusted reaction mixture of step (d); 

(f) adding water to said reaction mixture to precipitate Azithromycin monohydrate crystals 

(g) filtering said precipitated crystals; and 

(h) drying said crystals. 

55 [0014] The process of the invention will now be described with reference to the following example which is only 
illustrative and should in no way be interpreted so as to limit the scope of the present invention. 
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Example ■ Preparation of Azithromycin Monohydrate 

[0015] 9-Deoxo-9a-aza-9a-homoerythromycin A (73.5g - 0.1 mole) was dissolved in 250 ml acetonitrile. To this so- 
lution, fonmic acid (19 ml, 0.5 mole) followed by fomiaidehyde (37%, 20 ml, 0.25 mole) were added and refluxed for 
5 24 hours. The pH of the reaction mixture was adjusted with alkali (NaOH solution) to 10.5 and filtered to remove 
particles. To the filtered acetonitrile solution, an equal volume of water was added to precipitate Azithromycin mono- 
hydrate as cube shaped crystals. The crystals were filtered and dried under vacuum at 50°C to give 65g of Azithromycin 
monohydrate having water content of 5% (water content measured by the Kari Fischer titration method). This sample 
of Azitiiromycin monohydrate crystals has a characteristic solid state (KBr pellet) IR spectrum (Fig 1) and a character- 
to istic X-ray diffraction pattern (Fig 2). 

[0016] In the process described above reductive methylation is carried out in acetonitrile (solvent) and Azithromycin 
monohydrate crystals are directiy precipitated from the reaction mixture without the need for conducting any extraction 
procedure. 

[0017] Ail patent, patent applications, articles, publications, textit)ooks and any other references cited in this appli- 
es cation are incorporated herein by reference in their entirety for all purposes. 



Claims 

20 1. A process for making Azithromycin monohydrate crystals, sard process comprising the steps of: 

(a) dissolving 9-Deoxo-9a-aza-9a-homoerythromydn A in a non-halogenated, water miscible, and non-aque- 
ous solvent to form a solution; 

(b) adding formic acid and formaldehyde to said solution; 

(c) refluxing said solution to form a reaction mixture; 

(d) adjusting the pH of said reaction mixture from about 10 to about 11 with alkaline solution; 

(e) optionally filtering the pH adjusted reaction mixture of step (d); 

(f) adding water to said reaction mixture to precipitate said Azithromycin monohydrate crystals; 

(g) filtering out said Azithromycin monohydrate crystals precipitated in said step (f); and 

(h) drying said Azithromycin monohydrate crystals. 

2. The process of claim 1 , wherein said drying step (h) comprises drying said Azithromycin monohydrate crystals at 
50°C under vacuum to attain a moisture content from about 4% to about 6% based on a total weight of said crystals. 

35 3. The process of dalm 1 , wherein In said step (a), said non-halogenated solvent is selected from the group consisting 
of acetonitrile, acetone. N,N-dimethylformamide, N,N-dimethylacetamide, and iso-propanol. 

4. The process of daim 3. wherein said non-halogenated solvent is acetonitrile. 

40 5. The process of claim 1 , wherein sak) alkaline solution is selected from the group consisting of sodium hydroxide 
solution, potassium hydroxide solution, and ammonium hydroxide solution. 

6. The process of claim 5. wherein said alkaline solution is sodium hydroxide solution. 

45 7. The process of claim 1 , wherein said optional step (e) is conducted. 

8. The process of daim 1 , wherein said refluxing step (c) is conducted for 24 hours in acetonitrile. 

9. The process of claim 1 , wherein said drying step is conducted at a temperature and pressure sufficient to substan- 
50 tially remove said water and said acetonitiile from said crystals to yield substantially dry crystals of Azithromycin 

monohydrate having a moisture content from about 4 to about 6% by weight based on a total weight of said crystals. 

10. A process for making Azithromydn monohydrate crystals, said process comprising the steps of: 

55 (a) dissolving 9-Deoxo-9a-aza-9a-homoerythromycin A in a non-halogenated. water misdble. and non-aque- 

ous solvent to form a solution; 

(b) adding formic add and formaldehyde to said solution; 

(c) refluxing said solution to form a reaction mixture; 
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(d) adjusting the pH of said reaction mixture from about 10 to about 11 with alkaline solution; and 

(e) optionally filtering the pH adjusted reaction mixture of step (d); 

(f) adding water to said reaction mixture to precipitate said Azithromycin monohydrate crystals. 

1 1 . The process of claim 1 0, further comprising the step of: 

(g) filtering out said Azithromycin monohydrate crystals precipitated from step (f). 

12. The process of claim 11, further comprising the step of: 

(h) drying said Azithromycin monohydrate crystals. 

13. The process of claim 1, wherein, in said step (b), said formaldehyde is added to said solution after adding said 
fonDic acid. 
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